Background: Inpatient utilization associated with incidence of geriatric new-onset epilepsy has not been characterized in any large study, despite recognized high levels of risk factors (comorbidity).
Background
Epilepsy is a common neurologic disorder among persons over age 65, with a prevalence estimated at 5.7 cases per 1,000 older adults [1, 2] . Incidence may range from 16 to 51 cases per 100,000 in population-based studies [3] . While the diagnosis and treatment of seizures in this population is a challenge in its own right, comorbid conditions may lead to hospital admissions for reasons that go beyond epilepsy. Comorbidities with elevated occurrence among epilepsy patients include digestive system disorders, stroke, respiratory disorders, dementia, migraine and other pain conditions as well as psychiatric disorders [3] [4] [5] . If the risk and nature of non-epilepsy hospitalizations are substantial, this means that elderly new-onset epilepsy patients are a special population in whom clinicians should pay careful attention to identifying and addressing comorbidity [6] . In this context, epilepsy becomes a marker for a constellation of serious conditions that go substantially beyond the epilepsy itself. Yet little is known about the rate and nature of hospitalizations among elderly patients with new-onset epilepsy.
Previous research on older epilepsy patients treated in the VA noted a large burden of psychiatric disorders, [7] which may contribute directly to inpatient stays. Seizure disorders, other medical conditions including cerebrovascular disorders, [5] or psychiatric conditions may necessitate inpatient admission among elderly patients with epilepsy [8] . These inpatient experiences have rarely been described outside economic analyses and studies of emergency department use [9] [10] [11] .
As part of the Treatment In Geriatric Epilepsy Research (TIGER) study of new-onset late-life epilepsy, we examined risk factors for psychiatric and medical admissions among geriatric patients, comparing those with new-onset epilepsy to those without epilepsy, expecting that TIGER patients would have higher relative odds of admission. Next we analyzed admissions of new-onset epilepsy patients only, to better understand risk factors for medical and psychiatric hospitalization in that clinically unique subset of patients.
Methods

Study design
The TIGER study is a national retrospective, observational study of new-onset epilepsy in geriatric patients receiving care in the Veterans Health Administration (VA).
Sample
The sample consisted of VA patients aged 66 or older in fiscal year 2000 (FY2000; Oct 1999-Sep 2000). The prior two years were used to establish epilepsy status as no epilepsy, ongoing epilepsy, or new-onset epilepsy. Based on a validated algorithm comparing chart review data to administrative and Medicare ICD-9 codes and electronic medication records, both diagnosis of a seizure disorder (ICD-9 code 780.3 or 345) and a current anti-epileptic drug (AED's) prescription were required to establish epilepsy status. The algorithm has a positive predictive value of 0.98 [12] . New-onset epilepsy was defined by use of the VA without diagnosis of a seizure disorder in FY1998-FY1999, and diagnosis of seizure disorder plus receipt of AED's in FY2000 but not in FY1998-FY1999. Patients with previous diagnosis of epilepsy (prevalent cases) were excluded (n = 41,867). This study was approved by the Institutional Review Boards at the University of Texas Health Science Center at San Antonio and at the Bedford and Hines VA Medical Centers prior to initiation.
Data sources
Administrative data extracts of the VA's all-electronic medical record provided measures of diagnoses, inpatient and outpatient utilization, and demographics.
Measures
The years FY1998-FY1999 were also used to establish neurological conditions associated with seizure disorders present prior to determining epilepsy onset. These "prior" conditions included diagnosis of senile dementia per Krishnan, [13] cerebrovascular disorders (ICD-9 codes 430-438), brain tumor (ICD-9 191), head injury (ICD-9 851-854), and other neurological conditions such as multiple sclerosis and Parkinsons [14] .
Then administrative data extracts determined hospitalizations during the first year (FY2000) and comorbid conditions, while the second year (FY2001) established ongoing use of the VA healthcare system (yes or no). Sociodemographic measures included age group (youngold 65-74 years of age, older 75-84, oldest 85+), ethnicity/race (African-American or Hispanic versus white), and gender. Patients missing data on race were identified and excluded (20% of sample).
The predictors of interest were demographic measures, prior neurological conditions, other comorbid medical conditions, psychiatric conditions, and newonset epilepsy. Selim comorbidity indicators, developed on VA patient survey data and subsequently adapted to administrative data [15, 16] were employed to identify the comorbid medical and psychiatric conditions. The Selim indicators assess diagnoses for diabetes, hypertension, myocardial infarct, angina, arrhythmia, congestive heart failure, and transient ischemic attacks, among other conditions. The Selim indicator of seizures was not included in analytic models as these diagnosis codes were incorporated into the new-onset epilepsy indicator, leaving 29 Selim physical comorbidity indicators in the model. Psychiatric indicators assessed diagnosis with schizophrenia (ICD-9 295), bipolar disorder (ICD-9 296.0-296.1, 296.4-296.8), depressive disorder (ICD-9 296.2-296.3, 300.4, 311), post-traumatic stress disorder (ICD-9 309.81), alcohol dependence (ICD-9 303, 305.0), and anxiety disorders (ICD-9 300.00, 300.02, 300.09), [15] to which was added an indicator of substance use disorder (ICD-9 291, 292, 303-305).
Outcomes were hospital admission events (any versus none). Psychiatric admissions were identified by a hospitalization with a primary diagnosis of a psychiatric disorder in the range reviewed above including those not specified (ICD-9 codes 290-311). Psychiatric diagnoses in the range ICD-9 312-319 are related to childhood/ mental retardation and are extremely rare in the postmilitary population that uses the VA. There were 25 persons with admissions attributed to this range of diagnosis codes; these individuals were excluded from the study, leaving a sample size of 824,483 persons. Medical admissions were all those with a primary diagnosis outside the range 290-319. Epilepsy-specific admissions, a subset of medical admissions, were admissions with a primary diagnosis of a seizure disorder (ICD-9 345, 780.39). We report these separately to establish that medical admissions of the new-onset epilepsy patients were not solely related to their epilepsy.
Analysis
After characterizing the sample with descriptive statistics, adjusted logistic regression models assessed factors in admission (yes/no) in FY2000, including demographic measures, the indicators of prior neurological conditions, clinical covariates (medical and psychiatric comorbidities) to adjust for between-group differences, and new-onset epilepsy. Separate models assessed each outcome: psychiatric admission and medical admission. A second set of models restricted to the subset of patients with new-onset epilepsy determined factors in hospitalization specific to TIGER patients. All models included an indicator of loss to follow-up, which identified patients for whom no data was found in FY2001. This included patients who died in FY2001, left the VA system, or remained hospitalized past the end of the observation period at the end of FY2001. In analysis, many modest effects achieve statistical significance when the sample is very large as in this study, therefore we focused on odds ratios indicating medium (≥1.5 for positive associations and ≤0.67 for inverse associations) or large (≥2 or of ≤.5) effect sizes [17] . Model fit was reported by the c-statistic, a measure which ranges from 0.5 for model fit no better than by chance to 1.0 for perfect fit.
Results
Sample
The TIGER study of 824,483 patients aged 66 or older in FY2000 included 16,814 women (2%). Consistent with U. S. military recruitment trends, most patients were Anglo males with 12% African-American and 5% Hispanic patients (Table 1) . There were 1,610 patients with new-onset epilepsy (TIGER patients) in the sample (0.2%). TIGER patients resembled non-epilepsy patients on most demographic measures (age, gender) but differed in that they were more likely to be African-American (20% of TIGER patients versus 12% of non-TIGER patients, chi-square = 115.6, df = 2, p < .0001). Summing the included and excluded patients for the denominator and adjusting for the deleted cases missing data on race, the incidence of epilepsy in late-life VA patients was 156 cases per 100,000 patients while prevalence was 42 per 1,000.
Comorbidity
New-onset epilepsy patients had high rates of the prior neurological conditions studied: cerebrovascular disease (40% TIGER versus 17% other VA patients over age 66), dementia (18% versus 7%), brain tumor (2% versus 1%) and head injury (2% versus <1%). Psychiatric comorbid conditions were also common, especially depressive disorders which were diagnosed in 17% of new-onset epilepsy patients compared to 9% of nonepilepsy patients. Overall, these older patients averaged 3.0 (± 2.0) Selim physical comorbid conditions of 29 assessed conditions and 0.22 (± 0.56) Selim mental illnesses of six assessed.
Outcomes
The proportion of geriatric patients with a hospital admission varied by new-onset epilepsy status. Overall, the proportion hospitalized was 15% (121,118) in FY00 but it was 52% (844) for the subset of new-onset epilepsy patients. Most patients had medical admissions (14%; n = 116,357) while 1% (7,830) experienced psychiatric admissions; for TIGER patients these proportions were 50% (809) and 6% (91). Some patients had both types of admissions: 0.4% (3,069) of the large sample and 3.5% (56) of the new-onset epilepsy patients. Among TIGER patients, roughly one-third with medical admissions were admitted specifically for epilepsy as the primary diagnosis for the hospitalization (ICD9 codes 345.xx or 780.39). Only 19 TIGER patients had both psychiatric and epilepsy-specific admissions. The next year in FY01, 14% of all patients (106,483) were admitted as were 29% of new-onset epilepsy patients (387). TIGER patients were more likely to be lost from the study (chi-square 59.4, d.f. = 2, p < .0001), primarily through death.
Days of hospitalization for medical admissions averaged 19.5 days (± 29.8; median 9 days) for the entire sample, and were markedly higher for TIGER patients (median 14.0 vs 9.0 days; Wilcoxon 2-sample z-statistic = 10.4; two-sided p < .0001). Individuals with new-onset epilepsy had somewhat more inpatient days for psychiatric reasons compared to other patients: mean 52.7 (± 58.7) versus 40.8 (± 47.3), and median 32 vs 24 days (Wilcoxon 2-sample z-statistic = 2.03; two-sided p = .04).
In the covariate-adjusted model, psychiatric hospital admission was primarily associated with psychiatric disorders for these geriatric patients but also showed strong associations with prior neurological conditions: cerebrovascular disease (OR = 1.5, 95% CI 1.4-1.6), dementia (OR = 9.5, 95% CI 9.0-10.0), alcohol dependence (OR = 11.7; 95% CI 10.9-12.5), schizophrenia (OR = 6.3; 95% CI 5.9-6.7), bipolar disorder (OR = 4.6; 95% CI 4.2-5.0), depression (OR = 2.8; 95% CI 2.7-3.0). Newonset epilepsy was also associated with increased risk of psychiatric admission (OR = 2.9, 95% CI 2.2-3.7). An inverse relationship with psychiatric admission was noted for Hispanic ethnicity (OR = 0.58, 95% CI 0.51-0.65). Some physical conditions had modest associations, with hepatitis strongest among these (OR = 1.5; 95% CI 1.3-1.7). Complete multivariable results are reported in Table 2 .
In the model of medical admissions among 824,483 geriatric patients, significant factors were noted in each domain. The demographic factor of African American race was associated with greater risk of medical admission (OR = 1.5; 95% CI 1.4-1.5). Among prior neurological conditions, new-onset epilepsy imparted 5-fold increased relative odds (OR = 4.8; 95% CI 4.3-5.5). Other neurologic risk factors roughly doubled relative odds of medical admission: dementia (OR = 2.2; 95% CI 2.1-2.3), head injury (OR = 2.2; 95% CI 2.0-2.4), brain tumor (OR = 1.9; 95% CI 1.8-2.1), cerebrovascular disease (OR = 1.8; 95% CI 1.7-1.8), and other neurological disorders such as multiple sclerosis and Parkinsons (OR = 1.8; 95% CI 1.8-1.9). Many other physical ills were associated with medical admission, notably comorbid gall bladder disorders (OR = 7.4; 95% CI 6.9-7.8), myocardial infarct (OR = 4.7; 95% CI 4.5-4.8), angina (OR = 3.5; 95% CI 3.4-3.6), and anemia (OR = 3.2; 95% CI 3.1-3.3). Among mental disorders, significant associations with medical admission were found for alcohol dependence (OR = 2.3; 95% CI 2.2-2.4) and schizophrenia (OR = 1.5; 95% CI 1.4-1.6; Table 3 ).
For the subset of 1,610 new-onset epilepsy patients, the model of psychiatric admissions found an effect of prior dementia (OR = 2.3; 95% CI 1.4-4.0), and hypertension was a risk factor for psychiatric admission (OR = 2.2; 95% CI 1.2-4.1) while peripheral vascular disease 
was inversely associated (OR = 0.36; 95% CI .14-.87).
Age and race/ethnicity were not significantly related. Psychiatric diagnoses were related as expected, especially alcohol dependence (OR = 5.2, 95% CI 2.6-10.0) and schizophrenia (OR = 3.5; 95% CI 1.7-7.3). Details are reported in Table 4 .
The model of medical admissions among new-onset epilepsy patients found that both African American race (OR = 2.3; 95% CI 1.7-3.1) and Hispanic ethnicity (OR = 2.4; 95% CI 1.4.4.2) were associated with greater relative odds of admission. The prior neurological factors of cerebrovascular disease (OR = 1.7; 95% CI 1.3-2.2) and dementia (OR = 1.5; 95% CI 1.1-2.1) were significant. Among physical disorders, most strongly related were Table 5 ).
Discussion
To our knowledge, this is the first paper to examine the high rates of hospital admissions among elderly newonset epilepsy patients (52%), relative to elderly patients without epilepsy (15%). Results suggest that the diagnosis of epilepsy in this population signifies a risk not only for recurrent seizures but also for hospitalization for a diversity of medical and psychiatric conditions. In this large sample of older patients using the VA healthcare system, those with new-onset epilepsy had more admissions compared to similar patients without epilepsy. Our study also highlights the association of multiple comorbidities and race/ethnicity with hospitalization among older veterans, and, strikingly, of alcohol dependence (see Figure 1) . Alcohol dependence in the elderly is under-diagnosed yet a major factor in hospitalizations in this age group [18] . Echoing prior population-based studies, TIGER patients with new-onset epilepsy showed more than doubled rates of cerebrovascular disease, dementia, and psychiatric disorders -conditions associated with or sharing etiology with epilepsy. Future studies could examine which medical conditions present at the onset of epilepsy may contribute more to the increase in admissions, and how these affect a patient's course of treatment. In this elderly sample, epilepsy imparted an increased risk of both medical and psychiatric admission by a factor of 3 and 6, respectively.
The incidence of epilepsy noted among these VA patients aged 66 years or older (156 cases/100,000 patients) is well above the range in population-based studies reviewed by Banerjee and colleagues, 16-51 per 100,000 [3] . The high incidence in this VA sample may be attributable to their elderly age, patient status, and to the generally high comorbidity seen in the VA patient population [19] . The VA preferentially provides care to veterans who are sicker, more disabled, impoverished, or combat-exposed.
The findings regarding race/ethnicity are of note. Unexpectedly, minority race/ethnicity patients with new-onset epilepsy were at higher risk for hospitalization for medical reasons compared to patients not identified as white. At the same time, Hispanic ethnicity was associated with less risk of psychiatric admission in the total-sample analysis (but not in the new-onset epilepsy sub-analysis). In other words, non-white patients had relatively higher risk of medical admission, and the effect was stronger for non-white patients with newonset epilepsy. The Selim physical comorbidity scores for Hispanic patients (2.8 +/-1.9) were marginally lower than those of white patients (2.9 +/-2.0); African-American patients had slightly higher scores (3.3 +/-2.1) and were also more likely to have new-onset epilepsy. Whether non-white patients have less physiological reserve to cope with new-onset epilepsy, or differences in the specific comorbid conditions account for admission differences, is unclear.
TIGER patients hospitalized with a primary diagnosis of psychiatric disorder, epilepsy, or non-epilepsy medical conditions had notable differences in neurological and psychiatric comorbidity. A new diagnosis of epilepsy in a geriatric patient should not be viewed as an event easily dismissed with the prescription of an anti-epileptic drug. Rather the clinician should view this development as one attended by high risk of hospitalization and associated with a complex care plan. Furthermore, this may be a signal to consider caretaker availability, health education needs, and potentially end-of-life planning. In addition, limitations in patient-provider communication often arise for mental health patients, such that recognition of medical needs may be impeded in psychiatric patients. Clinicians who are not mental health specialists may want to consult with a geriatric psychiatrist to optimize a coordinated treatment plan, while mental health professionals will want to establish cooperative relationships with the medical specialists.
Comorbidity in epilepsy patients has been studied in only a few large studies, notably the Canadian and United Kingdom studies already cited, where high rates of digestive system disorders, stroke, respiratory disorders, dementia, migraine and other pain conditions as well as doubled co-occurring psychiatric disorders were noted [2, 4] . VA patients are generally sicker than US residents [19] . The "protective" effect of peripheral vascular disease, which was inversely associated with psychiatric hospitalization among new-onset epilepsy, and the few other inversely related associations noted in the geriatric population (tables 2 and 3), merit further research but may be artifacts of the analysis, which estimated effects for a very large number of conditions simultaneously.
Limitations of this study include reliance on administrative data, gathered for purposes other than the current study and lacking in many measures that might be of interest, such as severity of illness scales and subjective experience reports. An additional limitation is uncertainty regarding the onset of epilepsy, as a person may have a seizure disorder for some time before it is recognized by diagnosis and treatment. Finally, the geriatric VA patient population is primarily male, reflecting military recruitment patterns, and VA patients are less healthy and wealthy than US residents in general [19] , thus these results may not generalize to healthier patients nor to women.
Conclusion
Our findings highlight the role psychiatric and physical conditions play in both medical and psychiatric hospitalizations. Regardless of the type of hospitalization, substance abuse, dementia and cerebrovascular disease were strong risk factors for admission. Recognition of medical and mental health comorbidities is essential for appropriate treatment on both an inpatient and outpatient basis, and research is needed to determine whether race/ethnicity may play a role in the likelihood of admission type, considering that there may be underlying medical or equity issues to disentangle.
In assessing the inpatient care required by elderly VA patients, our examination of medical and psychiatric admissions found both considerable overlap between groups characterized by psychiatric and neurological conditions, and a large impact on inpatient utilization of epilepsy. From the patient point of view, having epilepsy appeared to increase the risk of medical admission as well as of psychiatric admission. From an analytic perspective, omitting epilepsy and other neurological conditions may lead to overestimation of the risk of admission attributable solely to psychiatric or common medical conditions. Finally, evaluated from a health systems, policy and resource allocation perspective, the emerging picture of the psychiatric epilepsy patient, characterized by a great need for healthcare resources, may merit development of practice guidelines to improve coordinated outpatient care and reduce demand on the healthcare system. As the Baby Boomer cohort ages into late life over the next two decades, this patient population and its healthcare needs are likely to expand greatly.
